





AN INTERACTIVE TOY ROBOT: 




















Submitted in partial fulfillment of the requirements  
for the degree of Master of Fine Arts in Art and Design 
with a concentration in Industrial Design 
in the Graduate College of the 



















The trend in school curriculums increasingly focuses heavily on math and science for 
younger children (5-11 years old). Unfortunately, the science of the ocean is lacking so 
although children may be curious about the ocean their knowledge of it is lacking. The 
Ocean is the heart of our planet and provides many benefits such as food, jobs, life, and 
recreation. Without it, life on Earth would not exist. While marine life is endangered by 
garbage and chemical waste people dump in the ocean, the public is not well informed 
about the severity of the problem.   There is a need for more a comprehensive 
understanding about the ocean and its marine life among the public and particularly among 
school aged children. 
A greater understanding of the importance of the ocean and its marine life offers a 
number of benefits. With knowledge comes understanding and the opportunity to develop 
empathy and appreciation for other life forms. Knowledge can also empower future leaders 
to make positive changes in order to protect and use ocean resources wisely. There is 
probably no better substitute for being there when learning about the environment. While 
scientists are able to use sea robots to study and explore the ocean directly, most of us 
including children will never have this opportunity. So, finding other ways to educate and 
inspire children about the wonders of the ocean and the important role marine life plays in 
their lives is needed.  
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Capturing children’s attention early, and continually nurturing their inherent scientific 
curiosity, is critical to achieving scientific literacy. Play is central to learning for children 
ages 3 through 11. Play provides the opportunity to explore the world, interact with others, 
express and control emotions, develop symbolic and problem-solving abilities, and practice 
emerging skills. Promoting children’s drive to learn, their ability to imagine alternatives, 
and to connect with their surroundings in positive ways is essential.  
The design of a robotic interaction toy to help children learn about the ocean offered 
a worthwhile and interesting thesis topic. In order to gain first-hand knowledge of this user 
group, I conducted Interviews with teachers and observed children’s behavior in the Child 
Development Laboratory in the College of ACES, Department of Human Development 
and Family Studies in the College of Agricultural, Consumer and Environmental Sciences 
(ACES) at the University of Illinois at Urbana Champaign. 
“CUBISH” is the name of my robotic toy and app design concept. It is a customizable 
toy that enables children ages 5-11 to design, invent and express themselves creatively. 
Four different sea-robots can be constructed using modular cubes and spherical connector 
elements. Imbedded technology and software and an App allow the constructed sea-robot 
to be played with virtually and on a computer screen. The child is able to manipulate the 
robot with a smart phone app.in order to capture and learn about toy sea creatures. The toy 
if for children ages 5-11for use at home with parents or at preschool. As children mature 
at different rates, it is possible that children from age 3 could use the toy. However, I was 
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concerned that the complexity of the toy was not suitable for younger children. The age 
appropriateness of the toy would be confirmed through subsequent user testing.  
This concept includes a virtual educational sea-creature capture game. The game can 
be played with the constructed robot and/or in a virtual ocean world with various 
environments and sea creatures on a tablet by using a digital immersive app. This allows 
the child to experience the wonders of the ocean environment and its marine life.  
Some evidence suggests that the dependence on technology has had a undue influence 
in the decline of creativity in children. The concern is that virtual environment applications 
by themselves do not provide an all-round creative experience due to the absence of 
working physically with their hands.  
The new educational toy Cubish addresses this issue by allowing children to learn 
through play in both the real (physical) world and the imagined (virtual) one. While direct 
experience in person may always provide the best learning experience, the wisdom through 
storytelling and imagined virtual learning may be the next best thing to being there. 
Research indicates that playful learning is an effective way for children to acquire new 
knowledge. Specifically, what the educational toy Cubish is designed to do.  
The key contents of this paper include 
RESEARCH SUMMARY: 
• Play is central to learning for children ages 3 through 11. 
• Knowledge about the ocean in this age group is lacking; school curriculums. 
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• Focus heavily on math and science with little emphasis on ocean learning. 
• Existing educational toys and games for children to play with to learn about the 
ocean are lacking. Robots offer a high potential to enhance a child’s creativity by 
learning through play  
• Encouraging play in order to learn about the ocean is an effective strategy.  
DESIGN SUMMARY:  
• Design of an educational toy that allows children to learn by playing with objects 
physically”+ digitally" was supported through research, analysis, observations and 
interviews.  
• Cubish, is an educational toy designed to help children learn about the ocean 
through play 
The goal of my design 
• Children will have fun playing as they learn about the ocean and its marine life; and 
as they grow to become informed citizens of the world my hope is that they will 
care about and recognize the importance of the health of our oceans and its marine 
life.  
• Furthermore, my hope is that they will realize the threat that  marine life face and 






A 3D prototype of the toy robot was fabricated in order to test the feasibility of the 
concept. The robot was able to move and although the software and apps are not fully 
functional, the prototype proved the feasibility of design and its manufacture. Additional 
fully functioning prototypes along with software would have to be made and the toy tested 
before it could be produced could be marketed. Initial indications are, however, that Cubish 
would be an effective educational children toy in helping children learn about oceans and 
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Creating a toy robot to help children learn about the marine life offered a worthwhile 
and challenging thesis topic. The idea of designing some type of robot for a thesis project 
first came up in a conversation I had with my father who is an expert in designing all types 
of industrial robots for use in manufacturing. The idea of a robot was intriguing but what 
kind of robot, who would it be for and what would be its purpose? A bit of introspection 
revealed that the design of complex industrial robots for use in manufacturing was not of 
interest to me as this would require technical expertise beyond my capabilities. I also felt 
it did not offer an appropriate industrial design thesis topic as I wanted to focus on a more 
user-centric design challenge as opposed to primarily a technical one. One possibility was 
to design an interface to make it easier for someone to use robots.  
Armed with the idea that robotic interaction offered possibilities for a suitable human 
interface problem, further investigation revealed that we are in the midst of a robot 
revolution. The use of robots in industrialized countries has more than doubled in the last 
20 years. The top countries using robots today are China, Japan and South Korea. These 
countries use nearly 50% of the world's robots. (Dvorkin and Bharadwaj). Robots are used 
to manufacture consumer and industrial goods, for assembly and packing, transportation, 
surgery, weaponry, laboratory research and in space and undersea exploration. If one wants 
rice of uniform color and shape in a package, a rice-sorting robot that most of us will never 
see would be used. Industrial robots are marvels of technology; they mainly perform labor 
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tasks that are too boring or unsafe for humans. However, robots are also used increasingly 
for training and education. Young learners are becoming increasingly comfortable 
interacting with robots as toys. I felt that the emerging area of interaction between robots 
and children offered a worthwhile thesis design topic. Therefore, I narrowed my focus to 
the area of robotic interaction education for children. I learned that play is central to 




CHAPTER 1: INTRODUCTION 
1.1 The need for ocean literacy.  
Previous research from several countries has shown that citizens have a limited 
understanding of marine-related phenomena (Wallace 2015), hold misconceptions 
(Ballantyne 2004), and/or have little understanding of marine environmental issues and 
protection (Eddy 2014). This lack of familiarity with the ocean can be associated with the 
fact that ocean concepts are rarely represented in the formal science education curriculum. 
Only one in ten of Americans can answer four of five questions correctly about the ocean 
and its functions. (Ocean Project) "To me the sea is a continual miracle; the fishes that 
swim, the rocks, the motion of the waves, the ships with men in them. What stranger 
miracles are there?" (Walt Whitman) Until recently, humankind seemed to view the ocean 
as a source of infinite resources and do not realize marine life are in a dangerous state. 
1.2 Impact and significance of ocean literacy 
Considering the growing threats that marine life face, and the important work being 
done to better understand the importance of marine life, addressing societal lack of 
understanding of our influence on the marine life is important. The public should 
understand how their individual actions affect the marine life environment.  While most 
people may not recognize the benefits the ocean provides, many do feel a positive 
connection with it, sensing perhaps that the vitality of the sea is directly related to human 
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survival. This connection can be a powerful tool for increasing awareness of, interest in, 
and responsible action toward the marine environment.  
According to the National Research Council (2010), ocean sciences education as a 
means to promote Ocean Literacy, is situated at the intersection of environmental education 
and STEM. Since 2004, there has been a growing effort to improve Ocean Literacy around 
the world (Dupont and Fauville 2017).   
1.3 The need for better education  
Many students as well as adults may have an interest in the ocean. Dangerous and 
mysterious marine life, as well as unknown depths and exploration, are topics about which 
students are naturally inquisitive. However, the scientific literacy of U.S. high school 
graduates is well below the international average (Fig. 1.1).  
 
Fig. 1.1 U.S. Students fall behind in science 
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First, while young children have a natural curiosity about the ocean, they learn through 
play. By the ninth grade, however, this innate interest has too often faded or has been 
transformed into apprehension— or even fear due to heavy studying pressure.  
Second, When the National Science Education Standards were published in 1996, they 
were essentially devoid of ocean science topics. As a result, ocean concepts were not 
included in most K–12 classroom curricula and we now have generations of Americans 
largely lacking in knowledge of the importance of the ocean (Strang 2008). So the scientific 
literacy of U.S. high school graduates is well below the international average. It can be 
seen that children's ocean literacy continues to fall behind as student’s science knowledge 
declines. Many educators continue to shy away from teaching marine concepts due to their 
lack of knowledge and how to connect it to existing ocean curricula. Even though the 
potential exists to teach about the ocean in these grades, many teachers have less time to 
teach science due to school curriculums focus heavily on math. Teachers also lack the 
skills/knowledge/resources to teach it (Marx & Harris, 2006; Gruenewald & Manteaw, 
2007). It can be seeing that children's ocean knowledge is very lacking in the current stage 
of education. Second, When the National Science Education Standards were published in 
1996, they were essentially devoid of ocean science topics. As a result, ocean concepts 
were not included in most K–12 classroom curricula and we now have generations of 
Americans largely lacking in knowledge of the importance of the ocean (Strang 2008). 
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Only 15 percent of American adults now describe themselves as well informed about 
science(Fig. 1.2). One study reveals how little the American citizenry is aware of the 
condition of the oceans and how the majority of citizens do not perceive marine life to be 
an urgent issue. This progressive loss of literacy weakens the nation’s ability to maintain 
its traditionally strong foundation in science and mathematics.  
 
Fig. 1.2 Only 15 percent of American adults now describe themselves as well 





CHAPTER 2: RESEARCH 
While scientists use professional sea robots to study the ocean environment (Fig. 2.1) 
most younger children are unlikely to have this opportunity for active learning. One only 
has to watch a young child playing by the seashore to see the excitement and the joy of 
learning first hand.  
Robotic interface toys, on the other hand, are more accessible, and have the potential 
to enhance a child’s learning and creative development through play.  
 
Fig.2.1 Professional Sea Robots 
The use of robots as education toys in the classroom is increasing. Only a few short 
years ago, using robots for such purposes in the classroom seemed like a long way off. But 
today, classroom robots are helping children learn. 
No matter the level of proficiency, children are often encouraged to move at their own 
pace. One good thing about robots is that it is that they can help prevent struggling kids 
from falling behind while keeping advanced students from getting bored. This is why 
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parents often buy cool robot toys for their children with the hope that it will spark an 
interest in learning knowledge. (Fig. 2.2) 
 
Fig. 2.2 Examples of children learning through play 
2.1 Robots enhance learning 
Robots can enhance learning in several ways:  
1) Robots are fun 
Robots are more like toys so children can play while learning. Children today play 
with toys that talk and interact with them. Robotic toys can help children new concepts 
without the pressure that often comes with traditional classroom learning. 
2) Robots can reinforce emotions  
Emotions are too often left out of the classroom learning environment. A number of 
studies have shown that children who are sad or depressed do not perform well in acquiring 
new knowledge. If a child is playing with the robot and is sad, the robot can identify this 





2.2 Educating the next generation  
Raising awareness among a younger audience will be much more effective in 
spreading awareness nationwide. A way to raise awareness among children is to make it a 
part of their early education such as implementing Environmental Science into their high 
school academic requirements so that they start learning about their surroundings and what 
impact they have on it at a younger age. There could even be an educational outreach 
component of high school Environmental Science and a more efficient option to spread the 
awareness. Young adults, such as the students in this class, could organize events at 
elementary and middle schools to share their knowledge about the environment and steps 
individuals can take to conserve it. Also, governments would fund programs that help teach 
students learn about the importance of protecting the environment. 
In addition to educating children, we could increase awareness through various media 
sources and pop culture. Making movies or simple cartoons about environmental problems 
could not only be educational but it will attract the attention of youth. For instance, movies 
such as “The Lorax” and “Wall-e” have already gained widespread approval for their 
portrayal of how pollution can directly affect life as we know it. As a group, we agreed that 
if the younger audience had access to that type of information, we will be encouraging 
them to take action at an early age that may lead to the development of good habits.  
Additionally, a great way to capture the attention of people of all ages is through 
celebrities and popular name brands. Celebrities hold large degrees of influence over 
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people of various backgrounds. Every day, people look to celebrities for inspiration and 
“advice.” For example, the actor Leonardo DiCaprio is campaigning to encourage people 
to take action against climate change. Recently created a movie titled “Before the Flood,” 
illustrating the fast approaching negative effects of global warming. Name brand 
companies such as Adidas have created a product that they call “ocean plastic shoes,” 
which are made from recycled plastics recovered from our oceans. These “high 
performance” sports shoes are slowly gaining popularity among the masses. 
2.3 Child Development Lab Observation 
Several observation sessions and interviews were held with teachers and children3-6 
years old at the Child Development Laboratory in the College of ACES, Department of 
Human Development and Family Studies in the College of Agricultural, Consumer and 
Environmental Sciences (ACES)at the University of Illinois at Urbana Champaign to better 
understand what kind of environment is necessary for children to learn and acquire 
knowledge in classroom.  
First, I communicated with the teacher rather than directly observe the children in class. 
I asked the teacher the following questions:  
The teacher was asked the following questions:  
1) How is a teacher involved in children’s everyday learning?  
Answer: Children acquire knowledge by playing, which not only helps children to 
develop a deep memory, but also promotes their interest in learning.  
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2) What are the best ways that children play? Answer：hands-on experience. (Fig. 
2.3) 
 
Fig. 2.3 The best ways that children play 
There is also evidence that complex block-play is linked with higher mathematical 
achievement. It is easy to see how stacking and arranging toy blocks could stimulate a 
toddler’s motor development. But for other skills, it’s likely that kids need to do more than 
simply move blocks around. 
After talking to the teacher, I observed children learning. The teacher provided 
different types of toys for the children to choose from. As shown Fig. 2.4, block toys are 
popular among children. I asked children why they liked block toys. The answer surprised 
me. "Because we can make all kinds of things in our heads come true," they said. The 
children were using blocks to make interesting shapes with stories that belonged to those 
shapes through their imagination. Observing the children’s behavior while playing 




Fig. 2.4 Different types of toys for the children 
2.4 Target users 
In order to better understand the target users and their needs, I divided the children into 
three age groups. 
3-5 years old: Stimulation & learning come from play and interaction with peers and 
adults. Children explore and make sense of the world around them through play. 
Development of imagination & creativity occurs during at this age.  
6-8 years old: During this period, play-based learning continues to be critical, yet it is 
often neglected in a traditional academic-focused education approach. It can transform the 
educational experiences of children in the early primary grades and strengthen learning 
motivation and outcomes. 
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9-11 years old: Interest in play often fades due to heavy study pressure that 
causes apprehension. Motivating children to learn through play is effective in comparison 
to a school’s academic environment. 
2.5 Summary of User Needs 
Based on a review of the current literature regarding the age groups of children when 
learning through play is most important, and subsequently confirmed through the 
observation research interviews of one teacher at the Child Development Lab, I narrowed 
my target user group to include children ages 5-11.  
Drawing inspiration from my research at the Child Development Lab and literature 
searches on the importance of playful learning to child development the following 
summary was developed to serve as a guide to user needs that are to be addressed in an 
educational robotic interface toy.  
1. Play is one of the most important ways in which young children gain essential 
knowledge and skills. Children of all ages love to play, and it gives them opportunities to 
explore the world, interact with others, express and control emotions, develop their 
symbolic and problem-solving abilities, and practice emerging skills.  However, Children 
of different ages have different physical and mental development, and different desires and 
pursuits for knowledge. It is important to match pedagogical methods and approaches with 
learning ability in order to promote creative learning and cognitive development. Words or 




Fig. 2.5 Playful learning word associations 
2.6 Playful Pedagogy  
1). Preferred methods of playful learning for young children is through hands on-
learning. Optimal learning takes place with the integration of all body systems. Findings 
by researchers at Oregon State University suggest that hands-on learning may enhance 
public support for ocean protection. Play can help develop an emotional connection with 
the marine environment along with the learning of facts. Many educators agree, including 
David Orr, who describes the importance of the concept of place in education. Children 
acquire knowledge through playful interaction with objects and people. They need a lot of 
practice with objects to understand abstract concepts. 
2) Children benefit more from active manipulation and exploration than from passive 
watching, so simple toys that demand imagination are better than flashy toys, which limit 
what children can do. Complicated toys that dictate a specific activity are fun at first, but 
children usually lose interest in them quickly because they do not allow the child to 
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experiment, explore or create. “The more the child does with the toy, the more likely it is 
to be truly educational,” says educator Janet Brown McCracken. Flexible toys, like blocks, 
Legos, Lincoln logs and Brio toys, allow children to exercise their imaginations and to take 
satisfaction and pride in their creations. Legos, for example, will allow children to build 
almost anything they can imagine. Also, mountains of evidence suggest that children learn 
knowledge better in active, child-centered, developmentally appropriate environments.  
Creating a new robotic toy that can be put together in imaginative ways, like Legos, 
should support creative play. 
2.6.1 Play in early childhood 
Scientific research over the past 30 years has taught us that the most important period 
of human development is from birth to eight years old. During these years, the development 
of cognitive skills, emotional well-being, social competence and sound physical and mental 
health builds a strong foundation for success well into the adult years. Although learning 
takes place throughout life, in early childhood, learning is taking place at a speed that will 
never be equaled.  
Play is one of the most important ways in which young children gain essential 
knowledge and skills. Research on pre-school children and learning has shown that 
children learn through play as individuals, and that we should learn from this and integrate 
play and learning. Many teachers in the Western part of the world have not found ways to 
develop this into practice. The opposite is found, for example in many Chinese contexts, 
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where teachers are engaged in children’s play since they believe that this is the best way to 
influence children to learn what they intend (Pramling Samuelsson & Fleer,) 
2.6.2 Connecting play and education 
Play is how kids learn about the world. For example, while children are playing, they 
can try out new social skills (e.g., sharing toys, agreeing on how to work together with 
materials), and they often take on some challenging cognitive tasks (such as how to make 
a building with smaller blocks when the larger ones are not available).  
Children are ‘hands-on’ learners. They acquire knowledge through playful interaction 
with objects and people. They need a lot of practice with solid objects to understand 
abstract concepts. For example, by playing with geometric blocks they understand the 
concept that two squares can form a rectangle and two triangles can form a square.  
Play establishes a foundation for the development of critical social and emotional 
knowledge and skills. Through play, children learn to forge connections with others, and 
to share, negotiate and resolve conflicts, as well as learn self-advocacy skills. Play also 
teaches children leadership as well as group skills.  
Furthermore, play is a natural tool that children can use to build their resilience and 
coping skills, as they learn to navigate relationships and deal with social challenges as well 
as conquer their fears. 
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2.6.3 Adults’ Roles in Play in Education 
It’s important to make a note that supporting and leading or controlling are two 
different roles that adults can play when it comes to their child’s play, and only one of them 
is beneficial for the child. When adults control, lead or take over a child’s play, they are 
violating the basic principles of play being self-chosen and self-directed by the child.  
When children lose the freedom to explore openly, the experience loses its meaning. 
Instead, if we support a child’s experiences by being present and engaged, but not taking 
over, we allow them to build up themselves, engage in learning and exploration and we can 
provide opportunities to help stretch and grow their experiences. 
2.7 Market research  
A broad survey was conducted of the different types of games and toys with ocean 
subject matter marketed to the target user age group ages of 5-11.  
2.7.1 Existing game categories 
There are many ocean games being sold today. Many Innovative marketers are also 
trying to go beyond traditional ocean games to provide new and different playing 




Fig. 2.6 These ocean games do not combine real physical and virtual (digital) play 
learning opportunities. 
 
Fig. 2.7 Additional games with ocean themes. 
Summary observations of currently marketed ocean games: 
• Playing methods appear similarly structured around rules and playing time. 
• Sea creatures in many of the games are not real but imagined cartoons.  
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• The information offered was limited in scope and diversity.  
Research revealed that current ocean education games for children are divided into two 
categories: board games and application games. An assessment by reading and reviewing 
videos of how they are played indicated that many use similar playing methods and are 
limited in scope. Marine life (sea creatures) were not real but imagined “child like” cartoon. 
Two of the more typical ocean games were analyzed and the pros and cons for each listed 
(see Fig. 2.8). 
  
Fig. 2.8 Two of the more typical ocean games 
Several modular designs in Fig. 2.9 (a), (b), (c) were particularly interesting as they 




Fig. 2.9 Currently marketed robot toys 
 
Fig. 2.10 Typical robot toys 
Some of the more typical robot toys were benchmarked (Fig. 2.10). These were 
advertised for children ages 5 to 11. Most use simple polygonal shapes with strong primary 
colors. While simple shapes can be easy to manipulate and assemble, I questioned it they 
were too simple and might not be challenging enough for my target user. 
2.7.2 Existing creative toy designs 
Three innovative products that stood out are served as inspiration for development of 




1. Wonder Workshop 
As shown as Fig. 2.11, Wonder Workshop’s mission is to empower every child to 
question, think, and create! Through the Wonder Workshop robots, Dash & Dot, students 
learn the basics of coding and robotics. These Apps take students through different puzzles 
and challenges to build concepts of coding. These fun, colorful robots engage students who 
make them while they learn and play. 
 
Fig. 2.11 Wonder Workshop’s mission 
2. Cubroid 
In comparison to other programming modular sets, Cubroid is impressively easy-to-
use and designed for the optimal innovative experience. With Cubroid, children have the 
opportunity to build robots and then bring their creations to life! We have designed Cubroid 
to be compatible with Lego blocks, so that young creators won’t face innovative 




Fig. 2.12 Cubroid is impressively easy-to-use and designed for the optimal innovative 
experience 
3. Toyish 
Toyish is a hands-on toy kit designed to inspire and re-invent the way kids play. 




Fig. 2.13 Toryish is customizable to enable children to design, invent and express 
themselves creatively.  
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CHAPTER 3: DEVELOPMENT OF IDEAS 
3.1 Initial design ideas 
An initial design idea used base shapes that could be combined together to allow 
development of many different robot shapes. 
Basic shapes for construction of a robot are shown as Fig. 3.1. 
 
Fig. 3.1 Idea # 1: Robot constructed using basic shapes held together by magnets 
Once a physical “sea robot” was modeled, the question then was how physical objects 
could be used to help children to gain ocean knowledge. Two ideas were created as shown 
in Fig. 3.2 and Fig.3.3. 
 
Fig. 3.2 One controls the green wheel which determines where the fish goes, the other 




Fig. 3.3 One throws a dice to determine which direction the robot will take and how 
many steps the robot take each time, the other controls the robot. 
This idea was eventually rejected as being too similar to other board games and had a 
limited “playing field” or map that limited the range of movement of the robot. 
3.2 Final Design Direction 
Based on a literature review and user interviews at the child Development Lab in the 
University of Illinois Urbana-Champaign, and market research, a review of the current 
design trends of ocean education for children, it was important that the way for children to 
gain ocean knowledge allow the most creative freedom possible.  
Therefore, a final design direction was focused on the following goals:  
• An interactive toy robot that lets children explore "robots" in different shapes inspired 
by their imagination; this would be manually operated and programmable. 
• An interactive toy robot that allows children to build what they imagine; i.e, bring 
their creations to life; robot is to be assembled from modules with different functions as 
shown in Fig. 3.4. 
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• A toy robot that fosters connections between children and their parents; Play an 
effective strategy for motivating children to learn; nurtures creativity   
• A toy robot that advantages physical and digital play and learning for children ages 
5-11(play-based learning is neglected this age group); and,  
• A robot with an ocean creature capture play theme based on a select number of sea 
creatures or life forms that offer something new a mysterious to learn. 
 
Fig. 3.4 The robotic toy design will provide a physical and a virtual play experience using 
a building block concept. 
Benefits of a building block approach to creating an new interactive robotic toy include:  
• Promotes creativity by allowing the child to make different assemblages  




CHAPTER 4 INTERACTION TOY DESIGN 
4.1 Final design prototype  
 
Fig 4.1 Final design prototype 
Features of the final design of the robotic interface toy:  
Programmable or manually operated.  
• Can be programmed to perform various tasks. 
• Operated via smart phone. 
• Components make 4 different robots.  
• App interface is used to operate the robotic toy.  
• Interactive learning virtually and physically robotic interaction toy allows the child 
to interact by playing and learning both physically and virtually.  
Toryish is customizable to enable children to design, invent and express connect with 
spherical connecting elements to make three different robots. Cubes with spherical 
connecting elements are used to create four different robots. The virtual (digital) 
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component is an immersive app providing the child with an environment for virtual access 
to the wonders of ocean. This app is designed to offer a stimulating, authentic context for 
a meaningful educational experience.  
The child can play with a sea robot of their own design and control its movement with 
a smart phone to capture or pick up sea creatures from the floor. They can also watch and 
learn about the ocean on a computer, tablet or phone app.  
 
Fig. 4.2 Robots are designed to encourage adult interaction with the child.  
 




Fig 4.4 Modular components used to construct the Under-Sea Robotic toy. 
4.1.1 Module components  
A. Main module: this is the battery that powers the robot so it can move and 
communicate with a mobile phone. The robot also communicates with the mobile phone. 
B. Rotating Module: this module provides the control arm to rotate grip. 
C. Move Module: Controls wheels moving forward, backward and left and right. 
D. Camera Module: camera to scans and digitizes children’s drawings manipulated 
with an interface app.   
E. Connector Module: Connects other modules to construct robot shapes.  
F. Rotate claw: this has a small motor that allows the robot claw to rotate. 
G. Leg: this gives the robot “legs” with a wheel for moving. 




Fig. 4.5 Modular elements  
4.1.2 Construction modules  
 
Fig. 4.6 Battery module construction 
The main module is designed as a cube with large rounded corners, which is smooth 
and without sharp edges to ensure it is safe for children. It consists of the upper and lower 
two shells and 6 support plates. Holes are made in each support plate to install the female 





Rotate module construction  
This module adds two rotating disks driven by the steering gear based on the main 
module. 
 
Fig. 4.7 Light module construction 
The lighting module consists of an RBG lamp, which can display different colors 
when directed. 
Connector module  
The shape of the joint is spherical, which is divided into two parts, one part is the 
spherical cavity, the other is a spherical shell that rotates around the spherical cavity. When 
the steering gear rotates, the spherical shell is driven for joint rotation. 
Grabber construction design 





4.2 App design 
The final robotic interface toy is a modular smart toy that helps kids learn about the 
ocean. The toy allows the child to interact by playing and learning both physically and 
virtually. Cubes with spherical connecting elements are used to create different robot 
models. The app provides an environment for virtual access to the wonders of ocean.  
 
Fig. 4.8 Child using the smart phone App to operate on the robotic toy.  
 
Fig. 4.9 Playful learning environment  
Why a sea creature capture play theme? An ocean creature capture was chosen as the 
subject of robotic play for several reasons:  
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• It offered an interesting and colorful subject matter of new life forms never seen 
before• It encourages empathy with for other life forms. 
Two tasks of robot toy play. 
As Fig. 4.10 (a) Illustrates how the interactive robot toy collects sea creature on the 
floor. Fig. 4.10 (b) Illustrates how a child would scan a drawing usingthe App. 
  
                 (a)                                (b) 
Fig. 4.10 Two tasks of robot toy play 
SEQUENCE OF USE 
Step1: children and their parents create their own robot from instructions on an App 
or customize the shape of a robot themselves. 
 
Fig. 4.11 The first step of use 
App with step 1: choose the robot you want to build among 4 shapes or click “+” to 




Fig. 4.12 Create your own robots 
Step 2: use a smart phone to control the robot you built and make the robot collect sea 
creatures and/or scan a drawing. Children can compete to see who collects the most items 
or simply explore. 
 
 
Fig. 4.13 The second step of use 
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App with step 2: Once a robot is built the camera can be used to scan the play floor 
environment along with the position of the robot and it will display this on the smartphone 
or another computer screen as illustrated in Fig. 4.14. 
 
Fig. 4.14 Scanning the environment 
A smart phone with the App control the robot as shown Fig. 4.15. Adjustments like 
speed and the color of lighting can be made.  
 
Fig. 4.15 A smart phone with the App control the robot 
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The robot can be used to collect sea creatures on the floor. The number of marine life 
collected is shown Fig. 4.16. 
 
Fig. 4.16 The number of marine life collected 
Children can draw pictures of marine life and fish and and scan then using the robot 
camera. camera. Information will then be provided about actual sea creatures in the ocean 
as shown Fig. 4.17. 
 





CHAPTER 5：PROTOTYPE FABRICATION AND TESTING 
5.1 Prototyping 
A full size prototype was fabricated and tested to determine the viability of the design. 
Individual modules were drafted in CAD software and prototyped using a 3D model-
making machine. Modules were finished and painted by hand to simulate the finished look 
of plastic. Hand assembly included interior wiring using stock components including 
circuit boards and servo motors. While the entire robot is not fully functioning, each 
module functioned as envisioned and the robot was able to move and be controlled by using 
an app on a smart phone.  
 
Figure 5.1 Interactive Robot Prototype 
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3D Printing and finishing of robot components, assembly and testing is shown in the 





Fig. 5.2 3D Printing and finishing of robot components 
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Main module construction -upper and lower shell, 5 support plates, 1 switch board, 
5 female heads, 1 control panel, 1 lithium battery, 1 Bluetooth module, 1 switch, 1 led. 
Rotate module assembly:  
Upper and lower shell, 4 supporting plates, 2 mounting plates of steering gear, 4 female 
heads, 2 rotating joints, 2 steering gear, 2 pairs of gear sets, 2 rotating shafts, 2 connecting 
plates and1 control plate. 
Movement module assembly 
Upper and lower shell, 6 supporting plates, 6 female heads, 1 control panel, 1 dc motor 
control panel. 
Camera module assembly  
Upper and lower shell, 5 support plates, 1 camera mounting plate, 4 female heads, 1 
male head, 1 Open MV camera module. 
Lighting module assembly 
Upper and lower shell, 5 supporting plates, 1 transparent lamp shade, 5 female heads, 
1 control panel, 1 RGB lamp 
Shown in Fig. 5.3 are the main electronic components such as circuit boards, memory 







Fig. 5.3 Main electronic components 
5.2 The test and validation  
Modules were tested and functioned well enough to prove the feasibility of the concept. 
The function mainly includes communication function, robot motion function, camera 
recognition function, arm motion function and so on. 
1) Communication test 
The communication of the toy includes the external communication between the 
robot’s main control module and the mobile phone (Bluetooth communication), and the 
internal communication between the main control module and other modules (IIC 
communication). 
By splicing the main control module and the lighting module, starting the main control 
module, opening the mobile APP, connecting the Bluetooth of the main control module in 
the APP, click the button to control the LED switch on the control interface, and the APP 
will send the instruction to turn on the LED to the main control module via Bluetooth After 
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receiving the instruction, the main control module sends instructions to the lighting module 
through IIC. The lighting module then turn on the LED. 
The test of the communication function is shown in the Fig. 5.4. After clicking the 
LED button, the lighting module lights up, indicating that the external and internal 
communication functions of the toy are normal. 
   
Fig. 5.4 The test of the communication function 
2) Movement test 
The movement of the toy is tested as shown in Fig. 5.5. The movement instructions, 
such as front, back, left and right to the toy, are controlled using the mobile phone App. 
After receiving instructions, the main control module sends the movement instruction to 
the movement control module, that controls motor driving the wheels. 
  
Fig. 5.5 The test of the movement function 
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According to the above method, we can use the mobile phone App to send task 
instructions to the toy, by observing the response of the toy, one by one to verify whether 





The interactive robotic toy prototype and the app and learning modules demonstrate 
the viability of the concept. If there is interest in manufacturing and marketing much work 
remains to design, fabricate and test additional prototypes. The necessary computer 
software codes and interface would also have to be developed and tested as well. The robot 
modules and subject play themes can be expanded almost infinitely to include leaning topic 
as well and more robotic modules to allow. 
According to an article in “Creativity Research Journal”, children's IQ scores have 
continuously improved since 1990 while creativity scores have sharply declined. When 
children reach the sixth grade, this decline reaches the lowest point, so many intelligent 
toys appear on the market.  
At present, some robot toys focus more on entertaining children with high technology 
as opposed to engaging them in more imaginative play. Well-meaning parents purchase 
these toy robots hoping to get their child interested in math and science. Children may be 
fascinated at first but can soon tire if the toy does not allow them to direct the play.  
 Cubish addresses these shortcoming by providing a self-directed play robot toy that 





































































APPENDIX B: Design Overview 
This diagram illustrates the various modular components and digital interface features 














Popular science knowledge base
Marine resource knowledge base




Design of Knowledge access 
  




APPENDIX C: Three ways that how the toy fulfills the need of children. 
The toy fulfills the need of children in three principle ways: 
1) It satisfies a child’s curiosity by encouraging exploration. Children can construct 
“robots” of different shapes by using cubes and other connectors.  
2) Promote the child’s sense of achievement. Assembling the robot will be challenging 
in order to provide the child with a sense of achievement.  
3) It encourages social contact and playing together. Kids and their parents can 





APPENDIX D: Research questions 
Prior to design phase, the researcher formulated several questions that served as a 
guide for general research and relevant academic reading. 
1) What age of child will be the user or user group?   
2) How to help younger children improve their ocean literacy through playful 
learning as compared to current traditional academic approaches? 
3) What type of ocean knowledge should a child know and what kind would a trigger 
children’s interest? Ex. where do different marine live? What are their habitats? Why is its 
body is shaped that way? Has it evolved for specialized movement, protection, eating, or 
camouflage? How are these advantages helpful for survival in its habitat? What does it eat? 




APPENDIX E: App design 
Search any information about sea creature on app as shown 
 
Children click SAVE mode this game, teaching children to save ocean because Plastic 






APPENDIX F: Control system design 
The toy contains 5 main function modules, each of which contains a control board 
(Arduino Promini), from which the edited control program should be uploaded. The main 
control module also includes bluetooth module and power module to realize the 
communication and power supply functions with the mobile phone. The wheel control 
module also includes a DC motor drive plate, which is used to control the movement of 
two dc motors. The image perception module USES the Open MV camera module. The 
lighting module also includes an RGB LED lamp. Each module gets communication and 
power supply through the assembly interface. 
 
 
